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IANGIEY 19-FOOT PRESSURE TUNNEL

By Owen J. Deters and Robert T. Russell
SUMMARY

Tests of a partisl-span model of a lerge bomber~type airplans
wore conducted to determine the aerodynemic characteristics of the
wing equipped with full-span flaps and & retractable spoiler and
alleron lateral control system. The arrvangement consisted of
(1) a double slotted flap extending over approximetely 86 percent
of the wing semispan, (2) a 20-percent constant-percentage=-chord,
aileron extending from the outboard end of the flap to the wing +tip,
end (3) a retractsble spoller, located at the §5-percent wing-chord
station and extending from approximately 63 percent of the wing
semispan to the wing tip. In addition, tests were made of a wing
vent (of 1 and 2 percent of the wing chord located directly behind
the spoller), perforations in the spoiler , & slot or cut-out along
the lower edge of the spoiller, and spoilers of various spans.

With full-span flaps deflected and with the 2-percent vent open
or closed the initial stalling of the wing occurred at the tips, but
with the vents closed there probably would be no appreciable loss in
lateral control until.maximum 11f%t was reeched. The l-percent vent
increased the rolling effectiveness of the spoiler at small spoiler
deflectlons, particularly at high angles of attack with flaps
deflected. With flaps deflected.the 2-percent vent caused a large
reduction in both the wing 11ft and rolling effectiveness of the
spoiler at large angles of attack. However, at small angles of attack
the 2-percent vent increased the rolling effectivensss of the spoiler
et small spoiler deflections. The simultaneous operation of the
epoiler and vent (in contrast to & vent fixed in the wing) would result
in & large increase in the effectiveness of the spoller end would
avold eny loss in wing 1ift as in a fixed vent arrangement.

The tests of the spoiler modifications yevesled that (1) the
spoller perforations reduced the rolling=moment and yawing-moment
coefficients Ddut caused the spoiler hinge moment coefficlents to
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become more posgitive; (2) the spoller slot had no notable effect on
the rolling-moment end yawing-moment characteristics bub produced

e positive increase in the spoller hinge-moment coefficients atb

large spoiler deflections; (3) the effects produced by the individual
modifications were additive when the varilous modifications were
combined. In general, progressively decreasing the spoller span by
removing the segments from the inboard end of the spoiler caused a
decrease in rolling effectiveness approximstely proportional to the
span of the segment.

INTRODUCTION

" As the speed end size of airplanes have increased,the problem
of providing satisfactory control systems has become increasingly
difficult, particulerly in the casge of lateral controls. As a
solution to this problem, a lateral control system consisting of &
spoiler and & short span (gulde or pilot) aileron has recently been
developed (reference 1). The spoiler pilot-alleron control system is
compoged of e circular-arc-type spoiler ag the principsl control
and an ajleron at the wing tip. An advantage of the spoiler pilot-
aileron arrangement is that full-spen flaps can be uscd.

The spoiler pllot-alleron arrangement was tested on a model of
a projected large bomber=-type alrplane to provide data for this
type of lateral control system. The arrangement consisted of (1) a
retractaeble circular-arc~type spoiler located at the 65 ~percent-chord
station end extending over approximetely the outboard 40 percent of
the wing semispen, (2) a 20-percent constent-percentage=~chord aileron
extending from the ocutboard end of the flap to the wing tip and having
an internally sealed ‘eerodynamic balence, end (3) e double slotited flap
extending over epproximetely 86 percent of the wing semispan.

Teats of varilous modifications to the wing and epoller and of
various arrangements of the sgpoiler were made to determine thelr
effect on the rolling-moment and yawlng-moment characteristics and om
the aileron and spoiler hinge-moment characteristics. In addition,
tests to determine the 1ift, drag, and pitching-moment characteristics
of the wing were made.

- COEFFICIENTS AND SYMBOLS

The neasured aerodynamic forces and moments were reduced to
standard nondimensional coefficients and corrected so that all
coefficlents presented herein apply to the complete wing. The

.
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pitching-moment, rolling-moment, and yawing-moment coefficlents apply
to & center-of-gravity location 25 percent of and 5 percent below
the mean asrodynemic chord in the plane of symmetry.

The coefficients and symbols used in this report are defined

ag follows:

11t coefficient (_L~)
as

ar icient (L
ag coefficlen (qs)

pltching-moment coefflcient (_l_;_.)
gsSc

rolling-moment coefficient (l:'..s'__s)
5%

yawing-moment coefficlent (J.L)
asb
Hg
spoller hinge-moament coefficient ot
]
alleron hinge-moment ococefficient 5

1ift

drag

pltching moment
rolling moment
yawing moment

spoller hinge moment, positive when tending to produce a
more positive _spoiler deflection

alleron hinge moment, positive when tending to produce &
more positive alleron deflection

dynamic pressure (élpve)
wing span

wing area
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mean aerodynamig chord
airspeed - )

mess density of air
voloclty of sound
vigcogity of air

ailerocn chord

wing chord

b
Segment 5 So
Segment 1 UYbg

spoiler thickness, normal to spoiler surface
spoiler-segment span . e

inboard end of apoller segment
outboard end of spoller segment

spoller mean radius (fig. 8)

product .of aileron root-mean-square chord squsared and
aileron apah

angle of attack of root chord, degrees
Tull-gspen-flap deflection, degrees

inboard-flap deflection, degrees

- outboard-flap deflectlon, degrees

spoiler deflection, degrees, megativé when spoiler 1s
deflected up '

aileron deflection, degrees, positive when trailing edge
is moved down
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1
R Reynolds nurmber (ch )

M Mach nurmber (—g)

APPARATUS AND TESTS

Model and Installation

The model simulates the outboard 94.6 percent of the left wing
of a projected large bonmber-type alrplane. The ingtallation of the
model in the tummel and the general dimensions of the model are
shown in figures 1 to 1&.

& swall gap (0.09 10.03 in.) was meintained constant between
the wing and reflection plane by en auwtomatic telescoping section in
the root end of the model.  Thig mechanism was inoperative for most
of the teste of the spoiler and aileron, during which the gap was
approximately 0.53 inch. However, this increase in the size of the
gap would not be expected to have any measurable effect on the rolling-
mament, yawing-moment, or hinge-moment characteristice resulting from
c1.e1°lec:'b1 on of the gpoiler and ailleron. :

The gerodynamic forces and moments on the wing model were
measured by means of & six-component simulteneously recording balance
system. The hinge moments of the spoller and alleron were measured.
by means of electric strain gages. :

Wins.~ The wing model was not a true semispan but represented
that part of the ailrplane wing outboard of the wing-fuselage Juncture
of the projected airplans. The aspect ratio and taper ratio for the
alrplane wing are 11.09 and 0.25, respectively, whereas the partial-
spen wodel mounted in conjunction with the reflection plane simulated
a wing of aspect ratio 10.84 and taper ratio 0.26. The airfoil
sections were the NACA 63(L20)- L22 at the root and the NACA 63(420)-517
at the tip. The wing hed 12.15° gweepback of the quarter-chord line,
29 gihedral, end 2° aerodynamic’ weshout between the root and tip.

venb.~ The dimensions and geometry of the wing vent ave
shown in figure 4. The vent width could be adjusted to a va.lue of
elther 1 percent or 2 percent of the wing chord.

ing_flep.=- The full-span double slotted flap conslsted of an
:Ln'boa.rd. {from wing root to outboard nacelle) constant-chord flap and
an outboard constant-percentage-chord flap. Typical sections of the
inboerd and outboard flaps are shown in figures 5 and 6, respectively.
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Spoller.~ The spoller waa of the retractable circular-arc typse,
and the arrangement and detalls are shown in figures %4 and 7 to 9.
The spoiler, located at the 65-percent wing-chord station, was
composed of five separate segments. The span (perpendicular to the
plane of symmetry) of each segment and its identification are glven
as follows, beginning with the outboard segment:

Spoller spen
Spoiler segment |(percent ccmplete
wing esemispan)

LW N
-3 Gy\N
=0 U

The distance between each smoiler segment wag approximately

0.4k percent of the complete wing semispan, thus the spoiler was
approximately 32.6 percent of the complete wing semispan. ZEach

segment vwas attached to a coammon actuating shaft through which the -
deflectlons of the spoller were remotely controlled. Any segment or
combination of segments could be detached from the actuating shaft

end fixed in a neutral position (flush with the upper surface of the
wing). The spoiler could be deflected in & negative (vpwerd) direction
only; the relation between the deflection of the spoiler and its
projection above the upper surface of the wing is given in figure 8.

Spoiller modifications.~ The modifications to the spoller
consisted of perforations in the spoiler plate and a small cut-out in
the lower edge of the spoiler plate which formed a slot between the
gpoller and the upper surface of the wing at full deflections of the
gpoiler. The dimensions and location of.these modifications to the
spoiler are shown in figure 9. The spoiler was constructed of a .
basic (0.051-in. thick) plate end a removable (0.018-in. thick) plate
fixed to the forward face of the basic plate. The basic plate
contained both of the modifications (perforations and slot); and
removeble plates.were provided which contained either of these
modifications, or both, or excluded them. By cowbining the various
removable plates with the basic spoiler plate, modifications to the
spoller vere effected. A further modificetion to the spoiler
consisted of a bevel on the upper surface of the spoiler as shown in
Tlgure 9. , L

Alleron.- The alleron was & 20-percent constente-percentage-chord
alleron having an internally sealed aserodynemic balancs of 45 percent
of the aileron chord behind the hinge. The afleron extended from the
outboard end of the flap to the wing tip as shown. in figure 4. The
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alleron upper and lower surfaces were straight sided as shown in
figure 10. The installabion of the alleron strain gage abt the
ihbodrd end of the alleron pravented tho intermal balance fram
extending over the linboard end approximatley ; percent of the alleron
span. As a resull of lsekage ab the inboard end of the balance the
full effectiveness of! the balanvo was probebly not obtained.’

Tests

The tests of the wing were divided into two groups: . (1) the
teste to determine tke 1ift, drag, pitching-moment and stalling
cheracteristice of the wing, and (2) the tests %o.determine. the
rolling-moment and yawing-moment charmoterisitics of the wing and
the hinge-moment charscteristics of the. spoliler and alleron.

The dynemic pressure for. the tests, oxcluding those for scale
effect, was approximately 105 pounds per squuare foot which corresponds
t0 a Reynolds rumber of approximasteiy 8,900,000 end a Mach mmber
of approximately 0.18, The density of the atmosphere was malntained
at approximately 0.0020 slug per ouble foot., The xange of angles
of attack was from =L~ throuwgh the angle of maximum 1ift., The
rangs . of deflections of the-slleron was. +20° and of the-spoller,

00 to -57,5° (which corresponds Lo a maximum projec'bion of 0 09"(0)

- CORRECTIONS AND ACCURACY

The corrections to the messured characteristics wers determined
by the methods of reference 2, Although the methods of reference 2
were derived for conventlonal allsrons, no apprecliable error is
introduced by thelr application to spoiler controls. The corroctlona
‘o the uncorrected coei‘ficients weres obta.ined frcm the followiﬂg
rela-bionships'

Cp = Cp + 0,0148072

uncorrected

% = yngorrected T 0,92607,

= (. + 0.03440. o
C Lynoorrected o
Cy; = 0,81k Cluncorredted sze>
G, = - T |
. Cnunc rrected c Nigre 0. 04100401,
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The values of 1ift, drag, and pitching-mcament coefficient have
not been corrected for the tare and interference efiects of the
support strut system and therefore are not exact. Incremental. values
of these coefflclents as well as the absoluite valuss of rolling-
moment, yawing-moment, -and hinge-mouent coefficient are considered
to be accurate. The estimeted limits of accuracy for the test date
presentsed herein were as follows:

AOp e v v v o v e e e e e e 10,01
T T I o Jelo oL
ACp + « v o ot b v v e e e e e e . 0,003
CZ'!;OOOl
c ........._.;.......'.....'....10.0005

Chaooovtil-oog‘--p-.nn-u-c-oonva '1:00015
l « o s 0 tO'l

a, deyee L] L . L4 . . * . . » L d L4 * +* . L4 Ld L] L] . . . . L] L] *O - l
68 3 d.egreeﬂ L . ,. ] L] L4 L . * L . * L] . L * L[] . L] L] » » i’ -. . *l L] 5
aa‘, degree . L] * L] L] L] L] L ] » L ] L . L] v . . . L] L4 [ ] * L] L] . *l '0

" RESUTIS AND DISCUBSION

The results of the tests are presented in figures 11 to 33.
The aerodynamic characteristica of the wing with full-span double=~
slotted flaps ars presented first followed by the characteristics
of the wing for various configurations of the spoiler and aileron.

Aerodynemic Characteristics of the Wing with

Full-Span Double-Slotted Flaps

Effect of the flav and vent.- The serodynemic characteristics of
the wing for varlous configurations of the flap and wing vent are
given in figure 1l. Deflections of the full-span flap produced no
abnormal changss In the serodynamic characteristics of the wing.
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The effects of opening the 2-percent vent were small at angles
of attack less then approximately 8°. The 1ift coefficient was
decreased, the drag coefficient (for a given lift coefficient) was
increased, and the pitching-moment coefflicients hecame less negative.
At engles of attack greater then 8° these changes in 1lift, drag, end
pitching~moment coefficlent resulting from the vent were grea.‘cly
increased, particularly for large flap dsflections.

The increments in maximum 1i1ft coefficient between the flap
neutral, vent-closed configuration,and verious flap and 2-:percent
vent configurations are gliven in the following table: X

Flap 2-percent-
deflectioni{vent condition ACL
(deg) - : max
20 ~ Closed 0.55
20 1 . Open .50
5 Closed - 1,15
50 Open 493

of particular interest is the 1arge decrease in ma:ximwn 1ift
coefficient (0.22) ceused by the vent with fleps deflected 509,

Stelling characteristics.~ The characteristics of the wing stall
for several configurations of the full-spen flap and 2-percent vent
ave given in Pigure 12. With flaps neutral and vent closed the stall
began at the outbosrd nacelle, spreed forward and toward the +1p, ‘and

graduelly enveloped the spoller and slleron: ,The stall over the
inboard pert of the wing Ffollowed that over the outer panel. With °
fleps deflected the general stall peattern remained the seme .but the
. 8tall over the outer wing.panel occurred a.'brup‘oly at maximue 1ift; .
" the inboard part of the wing remeined unstalled until after maximum

11f% was reached. Opening the 2-percent vent caused the wing to stall

at & much lower angle of attack in the reg'? on behind the gpol ler.

Because of the abrupt stell of the wing with full-span, f’laps ,
deflected and vent closed there would probably be no apprecia'ble loss
in lateral control until meximum 1ift was.reached. Since the wing has
a moderaté amount of sweepback, the lose in 1ift due to stalling of the
wing tips would be detrimental %o 'bhe 1ongltudinal sta‘bilit,f of the
eirplene.

s
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Aerodynamic Cheracteristics of the Wing for Various
Configurations of the Spoiler and Alleron

One of the main obJjectlons to spoller control arrangements has
been the time delay or lag between the deflection of the spoiler and
the development of the resulting rolling moment. Other objJections to
spollers of the clrcular=-arc type are their ineffectiveness at small
projections (particulerly with fleps deflected) and small hinge
moements. Because of the relatively high speeds of the projected
bomber airplane and the rearwerd location of the spoller (65-percent=
chord station), lag is not expected to be a serious problem. Al low
sgpeeds, however,,some lag may occur. In order to reduce the lag and
ineffectiveness of the spoller at low speeds & vent (between the upper
and lower surfaces of the wing) was located immediately behind the
spoller., This vent would tend to open only as the spoiler deflects.
The effects of a vent in improving the spoiler lag and ineffectiveness
are demonstreted in references 3 and 4. Although it was not possible
to determine the spoller lag in the present tests, the effects of
vents of 1 percent and 2 percent of the wing chord on the aerodynemic
characteristics of the wing end spoller were determlned. The aileron
at the tip was intended to reduce the lag and increase the effectiveness,
a8 well ag to lmprove the hinge-moment chayacteristices of the system.
The tests of the perforations, slot and spoller bevel were made to
provide further means of improving the characteristics of the spoiler.

In the arrangement of the aileron and spoiler, the aileron was
operating in the wake of the spoiler. This condition could cause
serious buffeting of the alleron and tests were made therefore %o
determine the characteristics of the spoller with that part of the
spoiler directly in front of the aileron removed.

Characteristics of the plain spoiler.- The characteristice of the

plain spoiler, with flaps neutral and deflected,are shown in figures 13
and 14, With flaps neutrsl, the variation of rolling-moment coefficient
with spoiler deflection was approximetely linear. With flaps deflected,
a marked increase in the rolling effectiveness of the spoller occurred
between spoiler deflections of ~5° and -10°. As the spoiler deflectlon
was increased beyond =10°, the rolling-moment coefficients cantinued

to increase but the slope of the curve waa greatly reduced. At low
angles of attack with elther flap configuration the yawing-moment
coefficlents were favoreble (of the seme sign as the rolling-moment
coefficient) end varied Iinearly with spoiler deflection. A%t high
angles of attack the yawing-moment coefficlents werse adverse at low
spoiler deflections, particularly with flaps deflected. The adverse
yewing-moments occurred when the adverse induced yawing moment due

to the change In induced drag with deflection of the spoiler exceeded
the favorable yawing moment caused by the chenge in profile drag with
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deflection of the spoiler. Thus, at high angles of attack where the
induced yawing moment wes large (since it was dependent upon the
wing 1ift as well as the rolling effectivenes_s) the total yawing
moment was adverse. This condition was more pronounced with fleps
deflected as lndicated by the large increase in rolling effectiveness
at spoiler deflections between =-5° and -10°. With flaps neutral, the
rolling-moment and yawing-moment coefflclents decreased as the angle
of attack was increased; however, with fleps deflected, the yawing-
noment coefficients decreased but the rolling-moment coefflicients
increaged as the angle of attack was increased.

The aileron hinge-moment coefficients became more negative as the
spoiler was deflected from 2.5° to epproximately =10° but remzined
approximately consteant with further spoller deflection. This change
in the aileron hinge moments resulted from the increase in the negabive
pressure over the alleron when the spoller was deflected. The change
in the hinge-moment coefficlents was greatest at small angles of attack
and large flap and aileron deflections.

In general for all configurations the variation of spoiler hinge=~
moment coefficient with spoiler deflection was irvegular and the values
of the coefficients were negative (tending to produce greater spoiler
deflections). However, at high angles of attack the magnitude of the
coefiiclents and the irregular veristion were reduced.

Effect of. the l-percent vent.- The effect of the l-percent vent

on the characteristics of the plain spoiler was determined from a
cauparison of figures 13 and 15 for flaps neutral and figures 1h

end 16 for flaps deflected. With flaps neutrsl the vent slightly
increased the rolling effectivensss of the spoiler at small spoiler
deflections (less then =-10°) and decreased the effectiveness at large
deflections. With flaps deflected the increase in spoiler effectiveness
&t small deflections was much grester, particularly at high angles of
attack, whereas the reduction in effectiveness at large spoller
deflectlions was-negligible. The vent had no effect on the yawing-moment
coefficients. - S : . : . i

As was the case for the:plain spoiler configuration, +the alleron
hinge moments wsually became more negative.as the spoller deflection
wes increassed. The incremental chenge in the aileron hinge-moment
coefficient (with spoiler deflection) was & measure of the increase
in the negative pressures in the region behind the spoiler. The effect
of the l-percent vent was to reduce the change in aileron hinge-moment
coefficient resulting from deflection of the spoiler. This effect of
the vent (vhich indicates & reduction in the negative pressure behind
the spoiler) occurred, in general, et spoiler deflections less then -10°,
and was conglstent with the increase in effectiveness of the gpoiler
at small deflections. It should be noted, however, that the aileron
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hinge -moment coefficients were an indicatlon of the conditions
existing behind the outboard section of the spoller only, and were
not necessarily representative of the conditions over the ontire

spoller.

The l-percent vent had no appraciablé effect on the hinge-~
moment characteristice of the spoiler.

Effect of the 2-percent vent.- “he effect of the 2~percent vent
was determined from & comparison of figures 13 end 17 for flaps neutral
and figures 1% and 18 for flaps deflected. At low angles of attack
with flaps neutral and deflected the effect of the 2-percent vent on
the rolling-moment end yawing-moment characteristice was similar to
that produced by the l-percent. vent. Kowever, at smell spoiler
deflectlons, the 2-percent vent was more effective in increasing the
rolling-moment coefficients then was the l-percent vent. At high
angles of attack, perticularly with flaps deflected, the 2-psrcent
vent grestly reduced the rollinsg-moment and yewing-moment coefficients.

‘The aileron hinge-moment chaeracteristics with the 2~-percent vent
were similar to those of the l-percent-vent configuration. At high
angles of attack with flaps nevtrel or deflected the region bohind the
vent was stelled and consequently the change in the aileron hinge-
mcment coefficient wilth spoller deflection was small.

The 2-percent vent had no appreciable effect on the spoiler
hinge -moment coefficients with flaps neutral. In ths flap deflected
configuration, however, the spoiler hinge-moment coefflciénts became
slightly more positive at small spoiler deflsections as a reSul of
the vent. :

Ef igct of slmnltaneous, operation of gge spoller and 1 and %_pgrcent

or 2-percent vents.- In figures 15 to 1.8 the data were obtained -for
an arrangement in- which the vent is fixed in the wing. When -the vent
19 not fixed but opens as the spoiler deflects, the loss in Lift.
caused by the vent will occur only over the wing panel on which the
gpoliler is deflected, thus augmenting the rolling effectivensess of the
ppoiler. The data for this arrengement are shown ih figire 19, in
which it is assumed that the 2-percent vent would open Insgtentaneously
as the spoller began Lo deflect. It should be noted that the rolling-
moment cosfficlents Indicated at nevitral spoiler deflection would not
be obtained in & practical case bscause the vent would' hob:open
ingtantansously dbut at some finlte rate as the spoiler deflected. The

' effect on the roliing-moment and yawing-mioment charaéteristics of the

2-percent vent in this arrangement was determined by a comparison of
Tigures 13 and 19(a) for flads neutral, and figures 14 end 19({b) for
flaps deflected. At all engles of atback and flap and spoiler
deflections the rolling effectiveness was increased. The greatest
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incresse occurved at high angles of attack with £laps deflected
where the large loss in 1ift as a result of the vent (as shown in
figure 11(a)) greatly incressed the rolling; effectiveness at small
spoiler deflections. _

Inesmuch as the effect of instentaneous operation of the vents
can be represented as & comstant increment of rolling-moment and
yawing-moment coefficient the characteristics for the l-percent
vent are not presented in figure foxmjy however, the increments in
rolling-mament and yewing-moment coefficients produced by both the
1l-percent and 2-percent vents are presented in the following table:

Flep Angle
deflection of l~percent vent |2-peicent vent
B¢ attack
(deg) o A0, AC, A0, &0
(deg)
0 3.5 ~0.0032 | -0.0001| ~0.0054 | -0.0004
0 13.2 -.0033 ] =~.000% =-.0090 0005
50 b7 -.0012 | =-.0002] =-.0050 | =.0005
50 12.3 -,0032 | =-.0004] -.0346 | =-.0013

The increments Iin rolling-moment end yawing-moment coefficilents
produced by the 2-percent vent were considerably greater then those
produced by the l-psrcent vent particularly at high angles of attack
with fleps deflected.

It is evident from these date that a vent behind the spoiler
must operate in conjunction with the spoiler in order to avoid increases
in dreg and serious losses in both the 1lift of the girplane and rolling
effectiveness of the spoller. These effects have been demonstrated
in reference 5 where the simulteneous operation of the spoiler and
vent was_accomplished by the use of & plug~type spoiler.

Effect of the spoller perforations.- The sffect of the
perforations on the spoiler and aileron characteristics was determined

from & comparison of figures 13 and 20 for flaps neutral and figures 1k
and 21 for flaps Geflected. With flaps neuwtral snd deflected the
perforations generally d.ecreased. the rolling-moment and yewing-moment
coefficlents.

The aileron hinge-moment coefficients were not greatly affected
by the 'oeri'ora:bions. At spoiler deflections greater than approxi-
mately -25 the aileron hinge-moment coefficients were slightly less
negative for +the perforated apoiler.
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The spoiler hinge-moment characteristics were greatly improved
ag a result of the perforations. The effect of the perforations
were (1) to reduce greatly the erratic variation of the hinge-mcment
coefficients with spoiler deflection, and (2) to reduce the hinge=-
moment coefficients at small deflections and to produce positive
hinge-moment coefficlents at’ large spoller def]ections.

Effect of the spoller slot.- The effect of the spoiler glot on

the characterlstice of the spoller and alleron were determined from
a comparison of figures 13 and 22 for flaps neutral and figures 14
and 23 :!for flaps deflected. -The effect of the slot on the rolling-
moment and yawing-moment characteristics was generally small; the
rolling-moment coefficients were slightly reduced at the maximum
deflection of the spoiler. The slobt had no notable effect on the
alleron hinge-moment coefficlents.

The spoller hinge*mament ccefficients were, in general, wmaffocted
by the slot.at spoller deflections less than -ho° At spoiler
,deflections above <40° the hinge-moment coefficients became more
positive.

Effect of combinations of vents, perforations, end slot.- The

effect of the perforatioms and l-percent vent on the characterlstilcs
of the spoiler and alleron are determined from a comparison of
figures 13 and 24 for flaps neutral and figures 14 and 25 for flaps
deflected. The combined effect of the perforation l-percent vent,
and slot are determined from a comparison of Tlgures 13 and 26 for
flaps neutral end figures 14 and 27 for flaps defleoted. In general,
the effects of the modifications on the rolling-moment, yawing-moment,
and hinge-moment charscterlstics of the spoiler and alleron wers
addltive. That is, the individuval effects of each modification
discussed previously add to form the characteristice of the spoiler
and aileron for each of the various combinations of the l-pexrcent
vent, perforations, and slot,

Eifsct of the spoilex bevel.~- The effect of the 17 bevel on the

characteristics of the gpoiler and aileron are determined from a
comparison of figures 26 and’ 28(a) with fleps neutral end figures 27
and 28(b) with the flaps deflected. The mignificant effect of the
spoller bevel was an appreciable reduction in the spoller hinge-
moment ccefficlents at large deflections of the spoiler. The reduction
in the spoller hinge-moment coefficients beceame greater as the angle
-of attack increased and amounted to approximately 35 percent at the
highest sngle of attack. Further reductions could be made by placing
bevels on the verforation holes, particularly those near the upper

edge of the spoiler.
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Svoiler characteristics o _alternete flep configurations.=-
The characteristlics of the spoiler with :f‘ull-span flaps deflected 20°
and with partial-span flsps d.eflec‘bed 50° are presented in figure 29.
With full~span flaps deflected 20° the rolling-moment end yewing-
noment coefficlents were considerebly greeter than with flaps neutral.
The characteristlcs of the spoller with partial=-span flaps were
approximately the seme as with the flaps neutral. Thus the increase
in spoller effectliveness wlith increased flap span appeers to be
directly dependent on the 1lift over .that part of the wing spanned by
the spoller.

Inasmuch ag the rolling effectiveness of the spoiler for elther
flap conflguration is not appreciebly incressed by the aileron, the
effectiveness of the spoller with flaps deflected might be greatly
improved by extending the span of the flap to the wing tip (providing
the aileron cen successfully be eliminated). A further advantage of
such en arrangement would be an increase in ‘the ma.ximum 1ift of the

wing.

Effect of spoller spen.=~ The characteristics of the spoller and
alleron with the two outhoard segments (directly in front of the
aileron) removed are given in figure 30 for flaps neutral and in
figure 31 for flaps deflected. The characteristics of .the spoller
end aileron for verious combinations of spoller segments with flaps
neutral and deflected are presented in Pigures 30 and 31. The
- rolling-moment and yawing-moment coefficients were reduced approxi=
mately in proportion to the reduction in spoiler span with flaps
neutral. In the flap deflected configuration the reduction in rolling
and yawing effectiveness was & mmch smaller percentege of the total
rolling-moment -and yswing-moment coefficients. The spoliler hinge~
moment coefficients became more negative at small spoiler deflections
end more positive at large deflections. The upflcating tendency of
the alleron resulting from deflection of the spoller was prac'bically.
eliminated. )

The cha.racteristics .0of the spoller and aileron for vearious
combinations of spoiler segments with flaps neutral and deflected
are presented in figures 32 and 33, respectively. The effect of
progreasively removing the spoller segments from the inboard end of
the spoiler (figs. 32 and 33) was to reduce the rolling-moment and
Yawinge-moment coefficients produced by the 'spoiler.. The redtiction
in effectiveness of the spoiler as a result of removing each segment
for all configurations was approximetely proportional 4o the span of- -
the segment with the exception of the two outboard segments in the
flap=-deflected confliguration where: the reductlion wes considera’bly
smaller as- noted. previcusky.
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The alleron hinge moments beceme more positive at small
spoiler deflections and more negative at large deflections as &
result of progressively reducing the spoller span, particulerly in
the flap-deflected configuration.

Except for the ocutbosrd segment alone the spoiler hinge*moment
coefficients gensrally becaue more negative as the spoller spsn was
progressively reduced. The hinge~mdment characterigtics of the
outboard segment alone were rather erratic.

SUMMARY OF RESULTS

The significant teat results of the spoi]er-pilot-aileron .
arrengement installed on the model of a largs. boﬁber-type alrplane
may be summarized as follows:

l. With full-span flaps deflected end with the vent (located
directly behind the spoiler) open or closed, the initial- stalling
of the wing occurred at the tips, however with the vents clesed
there probebly would be no eppreciable loss in lateral control
until maximum 1if+t. was reached.” \ .

2 The .1-percent vent increased the rolling effectiveness
of the spoiler at small spoiler deflections, particularly at the
high angles of attack with fleps deflected.

3. With flape deflected the 2~percent vent censed a l&rge
reduction in both the wing 1ift. and rolling effectiveness of the
spoiler at large angles of attack. However, at small angles of
attack the 2-percent vent Increaged the rolling. effectiveness of. the
gpoller at swell spoiler deflections. .

4. The simulteneous operation of the spoiler snd vent (in ..
contrast to a vent fixed in the wing) wvould result in a large increase
in the effectiveness of the spoiler and would avoid any loss in wing
1ift such as resulted with “the fixed-vent arrangement. )

5. The ‘gpoiler perforations reduced the rolling-moment and,
yewing-motent coefficients but cauvsed the spoiler hinge=-moment’
coefficients to become more positive, particularly at large spoiler
deflections. . ) o

6. The spoiler'sldt (ldcated on the lowar_edge of the. spoiler)
had no appreciable effect on the rolling-moment and yawing-moment
characteristice of the spoller but produced more positive spoiler
hinge-moment coefficlents at large spoiler deflections.
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7. The effects produced by the individual spoiler modificatione
were addlitive when various modificetlons were combined.

8, In general, progressively decreasing the spoiler spen by
removing the segments from the inboard end of the spoliler caused
a decrease in rolling effectiveness tha.-b was approximately proporticonal
to the span of the segment.

Langley Memorial Aeronsutlcal Ishoratory
National Advisory Ccmmittee for Aeronasutlcs
" Iengley Field, Va., June 20, 97 T
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(a) Front view.

Figure 1.~ The reflection plane and the partial-span wing model mounted in the Langley
19-~foot pressure tunnel. Full-span flaps deflected 50°,
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NACA TN No. 1409 Fig. 1b

(b) Rear view.
Concluded.,

Figure 1.~
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Figure 2.- Arrangement of the partial-span wing model and reflection plane in the Langley
19-foot pressure tunnel. (All dimensions in inches.)
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Figure 4.- Spoiler and vent arrangement of the partial-span wing model. (All dimensions

in inches except as noted.)
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Figure 5.- Three inboard double-slotted-flap positions at a typical section of the partial-span
wing model. (All dimensions in inches.)
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Figure 6.~ Three outboard double-slotted~flap positions at a section of the partial-span
wing model.
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NACA TN No. 1409 Fig. 7

(b) Rear view.

Figure 7.- The outer-panel SPOiier with perforations at the partial-span
wing model.
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Figure 9.- Details of the spoiler segmenis of the partial-span wing model. (All dimensions
i in inches except as noted.)
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(d) Spoiler hinge~moment characteristics.
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(a)

Figure 13.- Characteristics of the plain spoiler for various deflections of the aileron.
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* Figure 15.- Characteristics of the plain spoiler for various deflections of the aileron.
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Figure 16,- Characteristics of the plain spoiler for various deflections of the aileron.
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aileron. Vent closed; full-span double slotted flaps deflected 50°; R= 8,900,000; M= 0.18.
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Figure 22.- Characteristics of the spoiler with slot for various deflections of the aileron.
Vent closed; full-span double slotted flaps neutral; R = 8,900,000; M = 0.18.
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Figure 23 - Characteristics of the spoiler with slot for various deflections of the aileron.
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Vent closed; full-span double slotted flaps deflected 50°; R = 8,900,000; M % 0.18.
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M = 0,
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Figure 26.- Characteristics of the spoiler with perforations and slot for various deflections

of the alleron. 1-percent vent; full-span double slotted flaps neutral; R = 8,900,000;
M= 0.18.
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Figure 27.- Characteristics of the spoiler with perforations and slot for various deflections
of the aileron.” 1-percent vent; full-span double slotted flaps deflécted 50°; R % 8,900,000;
M= 0,18. . '
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Figure 28.- Characteristics of the spoiler with perforations and slot for several angles of
attack. Spoller upper surface beveled 17°; 1-percent vent; alleron neutral; R =8,200,000;
M = 0.18.
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Figure 29.- Characteristics of the spoiler with perforations and slot for various angles of
attack. 1-percent vent; aileron neutral; R % 8,800,000; M = 0,18,

82 "314




o

Yowing-momant
coefficert, G,
Q

2 R

Rolling-rmoment
coefficient, G,

06

—

Afleron hinge-moment
coafficient, Gha

B

0

Spoler hinge-moment
cosfficient, Cpg

40
20

11

Mlsxem daClertion
Oy g
< e
-]
1 -10
- -13,
I

60 50 -40, 30 -20 - 4O 0

Spoler deflecion, &y , deg

(a) e = 3.59.

o

Yawing-moment
coetficknt, Gn
Rofling-moment =)
coeffickent, G,

T

Q

Alleron  hnge-moment

Spoler hinge-moment

8

2 %

B &

=]

-0

coefficient, Cp,

-20

60 H0 40 30 20 0

|
I

lTJq

beve o 3

gc.a’-'i
&

k&

NNy

|

Spoler defiection, 8y , dag

(b) « = 18.2°.

0

Figure 30.~ Characteristics of the aileron and spoiler for various defiections of the aileron;

spoiler with perforations and slot and with segments 1 and 2 removed. 1-percent vent;
full -span double slotted flaps neutral; R & 8,800,000; M % 0.18.
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 Figure 31.- Characteristics of the ajleron and spoiler for various deflections of the aileron;
spoiler with perforations and slot and W1th segments 1 and 2 removed,
full-span double slotted flaps deflected 50
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Figure 32.- Characteristics of the spoiler for various combinations of the spoiler segments,
Spoiler with perforations and slot; 1-percent vent; alleron neutral; full-span double
slotted flaps deflected 50°; R % 8,900,000; M = 0.18,
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Figure 33.- Characteristics of the spoiler segments, . Spoiler with perforations and slot;
1-percent vent; aileron neutral; full-span double slotted flaps deflected 50° R s 8,900,000;
M 2 0.18.
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